OBJECTIVE -We aimed to evaluate the changes in cardiovascular-related health care utilization (drug therapies, hospitalizations) and mortality for the diabetic population during a 9-year period in Saskatchewan, Canada.
D
iabetes represents a major public health burden, both locally and globally (1) . From 1985 to 2000, the number of people living with diabetes globally rose from 30 million to ϳ171 million (1) . Future projections have estimated the prevalence of diabetes to exceed 300 million cases by 2030, with the majority of growth occurring in developing countries (1) . Recent estimates, however, suggest that these projections may grossly underestimate the true prevalence (2) .
It is well known that diabetes is associated with significant morbidity and mortality. It is estimated that there are six deaths every minute attributable to the complications of diabetes, with cardiovascular disease being responsible for the vast majority (3) . Not surprisingly, diabetes and its complications place an enormous burden on both patients and the health care system, with direct health care costs ranging from 2.5 to 15% of annual health care budgets (4) . Given the expected rise in diabetes cases, this economic burden will also increase.
For these reasons, considerable resources have been invested to improve diabetes management. In addition to lifestyle changes, a cornerstone of this management scheme has been the use of evidence-based drug therapies for vascular protection (5) . Large trials have demonstrated that aggressive pharmacologic management of cardiovascular risks can reduce both morbidity and mortality in patients with diabetes (5) . It would also appear that the diabetic community is incorporating this evidence into the daily management of diabetic patients. Several studies (6 -9) have reported significant increases in the use of evidence-based drug therapies in people with diabetes. However, previous studies have largely focused on antihyperglycemic management (7, 8) or have been restricted to specific subpopulations of patients with diabetes (e.g., aged Ն65 years) (6, 9) .
The increased prevalence of diabetes has been attributed not only to an increase in incidence but also to reduced mortality rates (2, 10) . A decrease in mortality rates over time in people with diabetes has been reported in both Canada and the U.S. (2,10 -14) . It remains uncertain, however, whether concurrent changes in utilization rates of evidence-based drug therapies over time has resulted in substantial improvements in the health of people with diabetes at the population level. We are unaware of studies that have simultaneously evaluated the trends in health care utilization and subsequent changes in mortality in people with diabetes. Therefore, our objective was to explore both health care utilization patterns (i.e., evidence-based drug therapies and hospitalizations) and mortality rates over a 9-year period in an unselected population of patients with diabetes.
RESEARCH DESIGN AND METHODS -Data were compiled from the provincial administrative databases for Saskatchewan Health. These databases have been extensively described elsewhere and are considered to be both high quality and comprehensive (15) . Saskatchewan Health provides universal health coverage to 99% of the ϳ1 million people in Saskatchewan, Canada (15) . These databases include a demographic and vital statistics population registry, outpatient prescription drugs, hospital separation data, and physician services and are linkable through unique patient
identifiers. Importantly, unlike other linked administrative datasets in most jurisdictions, the Saskatchewan Health data include prescription drug information for all ages (i.e., it is not restricted to the age Ͼ65 years subgroup). For these analyses, registered Indians were excluded, as their prescription drug benefits are provided by the federal government and are not included in these datasets. Ethical approval was obtained from the health ethics research board of the University of Alberta.
Outcome assessment
Beneficiaries eligible for provincial prescription drug benefits, aged Ն30 years with diabetes, were identified using the previously validated Canadian National Diabetes Surveillance System criteria (16) . Any individual having two physician visits on 2 different days within a 2-year period or one hospitalization with a diagnosis of diabetes (ICD-9 code 250) were identified as having diabetes (2, 16) . Point prevalence on 31 December of each year was used to determine annual diabetes prevalence and all-cause mortality rates.
Hospital separation records were used to identify subjects with at least one hospitalization for any reason (all cause) or for cardiovascular reasons per calendar year. A hospitalization was categorized as cardiovascular-related if the primary or most responsible diagnosis was coded as a cardiac disorder (ICD-9 codes 410 -414 and 425-429) or a cerebrovascular disorder (ICD-9 codes 430 -438). Prescription drug use was defined as one or more prescription claims for a medication within a class during the calendar year. Evidencebased drug therapies of interest included the use of any antihypertensive medications (e.g., diuretics, ␤-blockers, ACE inhibitors, angiotensin receptor II blockers, calcium channel blockers [CCBs], or ␣-blockers; the use of ACE inhibitors, ␤-blockers, or CCBs, specifically; and, the use of 3-hydroxy-3-metaglutaryl coenzyme A reductase inhibitors [statins]).
Statistical analyses
All rates were direct age and sex standardized using the 2001 Canadian census data to facilitate comparisons over time (2) . For yearly diabetes prevalence, all subjects diagnosed with diabetes and alive at any point in the year were included in the numerator. The denominator was calculated as the total number of people aged Ն30 years in Saskatchewan who were eligible for benefits within the province as of 30 June of the calendar year. Similar calculations were used for hospitalizations, prescription claims, and mortality, with the numerator representing the total number of people with diabetes who had the event of interest (hospitalization, prescription claim, or death) within the year and the denominators representing all subjects diagnosed with diabetes and were alive at any point within the year. Results are presented for both men and women as well as for those aged Ͻ65 and Ն65 years.
All age and sex standardized rates and associated SEs were calculated using Stata Intercooled, version 10 (Stata, College Station, TX). Trends in age-and sexstandardized rates were calculated using Joinpoint regression (http://srab.cancer. gov/software/software.html). This form of regression analysis has been used in numerous evaluations of trend data and has been previously described in detail (17) . Briefly, this analysis begins by assuming that there are no joinpoints (i.e., a simple linear line) and, through a series of permutations, tests whether the addition of joinpoints (up to two joinpoints were considered) results in a statistically significant linear change in direction or magnitude of the rates. Parameter estimates for each trend include the annual percentage of change (APC) in rates and associated 95% CI according to generalized linear models that assumed a Poisson distribution.
RESULTS -Between 1993 and 2001
, crude diabetes prevalence steadily increased by 44% (from 5.0 to 7.2%) ( Table  1) . After age and sex standardization, the adjusted rates increased 34% (from 4.7 to 6.5%), with an APC increase of 4.3% (95% CI 3.8 -4.8) (P Ͻ 0.001) ( Table 1 and Table 2 ). The difference in crude and adjusted rates suggests that part of the observed increase in diabetes is related to the increasing age of the population.
Although men had a higher prevalence of diabetes compared with women in 1993 (standardized rate ratio [ (Table  2) . Interestingly, in people aged Ͻ65 years, the increase in diabetes rates slowed significantly after 1998; 5.4% APC before 1998 and 3.6% APC after 1998 (Table 2 ) (P Ͻ 0.001 for rate change).
Drug utilization
Between 1993 and 2001, the number of people with at least one prescription claim for an antihypertensive agent increased significantly from 345.8 to 487.1 per 1,000 people with diabetes, respec- (Table 2) (Fig. 1) . Although overall utilization increased during this period, utilization remained fairly constant between 1993 and 1996 (APC increase 1.5%, P Ͼ 0.05 for trend), but thereafter rates of antihypertensive use changed significantly with an APC increase of 6.3% (P Ͻ 0.001 for trend) ( (Table 2) . Similarly, higher utilization rates were observed in people aged Ն65 years irrespective of time period; however, those aged Ͻ65 years had a substantially greater APC increase compared with those aged Ն65 years (5.5 vs. 3.5%) ( Table 2 ). The use of ACE inhibitor therapy nearly doubled between 1993 and 2001, with an APC increase of 9.2% (P Ͻ 0.001) ( Table 2) (Fig. 1) . The largest APC increase in ACE inhibitor utilization was observed in men, which was 35% greater than the increase observed in women (11.3 vs. 7.4%). Despite lower utilization in 1993, men were more likely to use an ACE inhibitor in 2001 compared with women (34.8 vs. 31.2%, P Ͻ 0.05) ( Table  2 ). The rates of ACE inhibitor utilization also increased more significantly in people with diabetes aged Ͻ65 years compared with those aged Ն65 years (APC increase 9.9 vs. 7.6), with the highest utilization increase occurring between 1997 and 2001 (Table 2) .
␤-Blocker utilization initially decreased between 1993 and 1996 before significantly increasing in the remaining years (Table 2) (Fig. 1 ). Men and women showed a similar pattern of utilization. People aged Ն65 years were much more likely to use a ␤-blocker compared with those aged Ͻ65 years, irrespective of time period. In fact, the rate of increase of ␤-blockers was over twofold higher in those aged Ն65 years compared with those aged Ͻ65 years from 1993 to 2001 (APC 8.7 vs. 3.3%) ( Table 2 ).
The use of CBBs remained similar in 2001 compared with 1993, with only a slight increase in utilization. Like ␤-blockers, however, CCB use significantly decreased from 1993 to 1998 before rapidly increasing from 1998 to 2001 (Fig. 1) . Similar patterns of utilization were observed among the groups, with the exception of those aged Ն65 years, which showed both the highest utilization 
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DIABETES CARE, VOLUME 31, NUMBER 11, NOVEMBER 2008 of CCBs and the highest APC increase ( Table 2 ). The largest increase in utilization occurred with statin therapy, with a 223% relative increase in utilization between 1993 and 2001 (Fig. 1) . Overall, the APC increase in statin use was 17.9% with a twofold increase in utilization rates between 1997 and 2001 compared with 1993 and 1997 ( Table 2) . Similar increases in utilization rates were observed regardless of age or sex, with men and those aged Ն65 years more likely to receive statin therapy over the study period.
All-cause hospitalization
Hospitalization rates decreased by 16%, from 300.3 per 1,000 in 1993 to 252.7 per 1,000 in 2001 (P Ͻ 0.05). Similar declines were observed in men, women, and in those aged Ͻ65 years. Although a decline was also observed in those aged Ն65 years, the rate of decline was not as large compared with the other groups examined and was not statistically significant ( Table 2 ). The largest reduction in hospitalization rates occurred for cerebrovascular-related hospitalizations, with a significant 5.4% APC decrease between 1993 and 2001 (Table 2) . Importantly, the largest reductions were observed in those aged Յ65 years (APC decrease of 6.4%), with similar reductions being observed in both men and women ( Table 2) . Rates of cardiac-related hospitalizations also declined significantly by 2% annually during this period. Few differences existed between sex or age-groups, however. Men had higher rates of cardiacrelated admission than women (sRR 1.2, P Ͻ 0.05), as did those aged Ն65 years compared with aged Ͻ65 years (sRR 4.0, P Ͻ 0.05).
All-cause mortality
Despite increased utilization of evidencebased drug therapies and observed declines in hospital-related morbidity from 1993 to 2001, mortality rates remained remarkably stable during this period (Table 2), irrespective of sex or age. Although slightly larger rates of decline were observed in people with diabetes aged Ͻ65 years, there was no statistical difference in the rates observed in 1993 compared with those in 2001 for this group (P Ͼ 0.05).
CONCLUSIONS -T h e a d j u s t e d prevalence of diabetes in Saskatchewan,
Canada increased by 34% from 1993 to 2001, with a consistent annual percentage increase of 4.3%. Although these results are similar to other studies, the overall rate of increase appears lower. For example, in a large study (2) conducted in Ontario, Canada, from 1995 to 2000, the adjusted prevalence of diabetes increased from 5.2 to 6.9%, representing a 33% relative increase. During that same time (i.e., 1995 and 2000), our observed increase of 25% (5.2-6.5%, respectively) in prevalence is 24% lower than that observed in Ontario. Furthermore, the Ontario study included all people aged Ն20 years, whereas our study was restricted to only those aged Ն30 years and thus likely at higher overall risk for diabetes; the difference in observed rates would likely be larger if the previous study were to be restricted to only those people aged Ն30 years. Regardless, our data highlight the Trends in cardiovascular risk management disturbing trend of increasing diabetes rates and is consistent with studies in both Canada and the U.S. (2,18) . Importantly, however, our data also suggest that in people aged Ͻ65 years, the rate of increase in diabetes prevalence significantly slowed between 1998 and 2001. The reason for this change and whether this is a trend continued in more recent years is unknown.
An increase in prescription claims for select evidence-based drug therapies suggests that both providers and patients are moving toward more aggressive management of cardiovascular risk factors in diabetes. Significant increases in the utilization of antihypertensive therapies from 1993 to 2001 resulted in almost half of all people with diabetes using an antihypertensive agent in 2001. In contrast to previous studies (6, 19, 20) , we found higher utilization rates among women, although the gap between sexes significantly narrowed during our study period. Similar to previous studies (6), the largest increase occurred with ACE inhibitor therapy, with one-third of all diabetic patients receiving ACE inhibitors. Men, however, were more likely to receive ACE inhibitor therapy than women, and it has been speculated that this differential prescribing may result from either an increased recognition of atherosclerotic risk in men or concerns for adverse effects in women (e.g., teratogenic risk) (6) . Interestingly, although decreases in both ␤-blocker and CCB therapy during the overall period were observed, utilization within both classes significantly increased in the later 1990s. This coincides with the publication of several antihypertensive trials that may have influenced physician prescribing and overall utilization (5) . Similarly, statin use significantly increased after 1997, corresponding to the publication of several landmark clinical trials of statins (5) .
Several studies (11, (21) (22) (23) ) have failed to demonstrate a consistent trend with respect to cardiovascular-related events in patients with diabetes. Our results suggest that significant improvements in the morbidity of diabetes occurred, demonstrated by significant reductions in both the rates of all-cause hospitalization and cardiovascular-related events. Overall, rates of cerebrovascularand cardiac-related hospitalizations declined by 36 and 19%, respectively, during this period. Moreover, unlike previous studies (11, 21) that observed reductions in men only, we observed similar reductions in cardiovascular-related events among both sexes. Although the reason for these trends is unknown, one would assume that improvements in patient awareness of diabetes complications, improvements in overall patient management, and more aggressive evidenceb a s e d d r u g t h e r a p i e s a i m e d a t cardiovascular risk reduction likely played a role (19, 20, 24) .
Despite substantial improvements in the utilization of evidence-based drug therapies and reductions in morbidity in patients with diabetes, we did not observe reductions in mortality during the study period. This is in contrast to several recent reports (2,10 -14) . Lipscombe et al. (2) reported a 25% decrease in the adjusted mortality rate in people with diabetes between 1995 and 2005 in Ontario, Canada. Other studies, however, have reported no significant change in overall mortality (11) or even increased cardiovascular-related mortality rates in people with diabetes (22, 23) . Studies have also suggested, however, that sex-related differences in mortality may exist, with several studies (11, 14, 21) observing changes favoring men.
The reason for the discrepancies in mortality between studies is not known, but several possible explanations exist. First, despite our large population, imprecision in the adjusted mortality rates may have precluded identification of small but clinically important reductions in mortality, particularly in the Ͻ65 years agegroup. Second, rates of undiagnosed diabetes may have affected our results if these rates were substantially higher in 1993 than 2000. If so, mortality events misclassified to those with undiagnosed diabetes may have artificially lowered the diabetes mortality rates in 1993 and negate any observed mortality benefit. Although data on undiagnosed diabetes is not available in the administrative data, estimates from the U.S. suggest that undiagnosed diabetes rates have remained constant throughout our period of study (25) . Finally, it is possible our time period was insufficient to observe the longerterm benefits on mortality associated with improved prescribing of evidence-based therapies. Moreover, our outcome was restricted to all-cause mortality, and it is therefore possible that reductions in cause-specific mortality may have occurred during the time period that we were unable to capture. However, as previously shown, the majority of mortality in patients with diabetes is cardiovascular related (11, 21) .
Our study has several strengths, including the use of large, comprehensive, administrative health data of an unselected population of patients with diabetes for our estimates; inclusion of all adult age-groups; and the long duration of follow-up. There are some limitations, however. First, although a previously validated algorithm was used to identify diabetes (16) , it is possible that some cases may have been missed due to the administrative nature of the data. Second, we were unable to evaluate the impact of changes in diagnostic criteria for diabetes that have occurred during our period of study. It is possible that the observed increase in diabetes prevalence may be partially related to more stringent diagnostic criteria for glucoses tolerance; on the other hand, the rate of increase in prevalence was more or less constant. Third, we are unable to make any assertions about the appropriateness of the health services delivered (pharmacological or hospitalizations). Fourth, we did not have data on clinical parameters and, perhaps more importantly, patient self-care behaviors. It is possible that medication nonadherence or weight gain, for example, may negate benefits of increased dispensation of evidence-based therapies. If this was the case, however, we would also expect to see increased rates of hospitalizations for important clinical events, which we did not observe.
The results of this study have important public health implications for the management of diabetes both near and long term. While many studies have criticized the prescribing rates of evidence-based drug therapies in patients with diabetes, both patients and providers should be commended for the significant improvements that have already occurred. Diabetes is a multifaceted, complex disease, and although more work is required, current trends suggest that treatment gaps in patients with diabetes are indeed narrowing. Although one cannot say for certain, it would appear that the mounting clinical evidence and guideline endorsements have resulted in significant positive changes in prescribing at the population level, with more intensive utilization of pharmacological therapies. While we did not observe reductions in mortality, significant improvement in the use of evidence-based drug therapies and declines in major cardiovascular co-morbidity suggests that despite the increasing dark cloud of diabetes, there may indeed be a silver lining.
